Based on readily available N-(2,2,2-trichloro-1-hydroxyethyl)carboxamides, N-(2,2,2-trichloro-1-(3-(3-mercapto-4H-1,2,4-triazol-4-yl)thioureido)ethyl) carboxamides, dehydrosulfurization-under the influence of excess HgO-led to the formation of N- (1-([1,2,4] triazolo[3,4-b][1,3,4]thiadiazol-6-ylamino)-2,2,2-trichloroethyl)carboxamides. The reaction was carried out in boiling glacial acetic acid for 1-1.5 hours. The cyclization products were obtained in 42-62% yields and easily isolated from the reaction mixture. The structure of all synthesized compounds was confirmed by complex spectral studies.
Introduction
Heterocyclic systems containing a 1,3,4-thiadiazole or 1,2,4-triazole ring are of great importance for medical chemistry and the pharmaceutical industry [1] [2] [3] ; they are widely used in agriculture [1, 4] and in the production of polymers, semiconductors [1, 5, 6] and dyes [1, [7] [8] [9] [10] .
Of particular interest are the [1, 2, 4] triazolo [3,4-b] [1, 3, 4] thiadiazole derivatives, which are condensed heterocyclic systems containing both a 1,3,4-thiadiazole ring and a 1,2,4-triazole ring. A large number of studies are devoted to the antimicrobial activity of these compounds, including antibacterial [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , antifungal [16] [17] [18] [19] [20] [21] and antitubercular [23, 24] one. Among the derivatives of [1, 2, 4] triazolo [3,4-b] [1, 3, 4] thiadiazole, there are substances having an inhibitory effect on certain enzymes, for example, acetylcholinesterase [25] and protein tyrosine phosphatase 1B [26] . These compounds are very promising as antioxidants and cytotoxic agents [12, [27] [28] [29] . The presence of activity against HIV-1 and HIV-2 [20, 21] , herpes viruses [30] , JC and BK viruses [31] in these compounds is of particular note. In addition, the use of [1, 2, 4] triazolo [3,4-b] [1, 3, 4] thiadiazole derivatives as ligands makes it possible to create a number of complexes of Terbium, Copper and Cadmium having luminescent activity [32, 33] .
In this article, we report the synthesis of a number of new [1, 2, 4] triazolo [3,4-b] [1, 3, 4 ]thiadiazole derivatives containing an alkylamide fragment, which in our view can enhance their biological activity.
Results and Discussion
Based on readily available N-(2,2,2-trichloro-1-hydroxyethyl)carboxamides 1 [34] , we obtained a series of N-(2,2,2trichloro-1-isothiocyanatoethyl)carboxamides 2 (Scheme 1). As a result of the addition of 4-amino-4H-1,2,4-triazole-3-thiol 3 [35] to isothiocyanates 2 [36] , N-amidoalkylated thioureas 4 were synthesized (Scheme 1). The addition reaction was carried out in acetonitrile, which greatly facilitated the isolation of products 4a-f and allowed yields of 61-72% with sufficient purity for use in further conversions without further purification. Compounds 4 are promising polyfunctional reagents, and we successfully used them as starting reagents for the preparation of new [1, 2, 4] triazolo [3,4-b] [1, 3, 4] thiadiazole derivatives.
Dehydrosulfurization of thiourea 4 was carried out by refluxing glacial acetic acid with 20% excess HgO (yellow) for 1-1.5 hours. During the reaction, the mixture acquired a black color due to the formation of HgS. It was assumed that this reaction passed through the formation of a carbodiimide 5 intermediate (Scheme 2) [37] . N-Amidoalkylated derivatives of [1, 2, 4] triazolo [3,4-b] [1, 3, 4] thiadiazol-6-amine 6 were prepared in suitable yields and isolated, without special difficulty, from the reaction mixture.
We attempted to use dicyclohexylcarbodiimide as a dehydrosulfurization agent. The reaction was carried out in anhydrous 1,4-dioxane, but the dicyclohexylthiourea formed thereby greatly complicating the isolation and purification of the target products.
The structure of the compounds obtained was confirmed by complex spectral studies. In the 1 Н NMR spectra of isothiocyanates 2, the N-H and C-H signals of the protons appeared as doublets in the ranges 10.4-9.2 ppm and 6.7-6.5 ppm, respectively. The isothiocyanate group in the IR spectra of compounds 2 appeared as an intense absorption band at 2060-2035 cm -1 , and the carbon signal of this group in the 13 C NMR spectra appeared at 140 ppm.
In the 1 H NMR spectra of compounds 6, there were no signals of isolated S-H and N-H protons, characteristic for the starting thioureas 4, which appeared as singlets in the range 13.9-13.8 ppm and 11.5-11.0 ppm, respectively. In the 13 C NMR spectra of compounds 4, a carbon signal C=S was observed at 185 ppm, which was absent in the spectra of compounds 6. At the same time, in the 13 C NMR spectra of compounds 6, there were carbon signals of three imino groups located in the range 135-166 ppm. While there were only two signals for compounds 4 in this range.
In the mass spectra of all compounds 6, the molecular ion appeared in the protonated form [M+H] + (Scheme 3). (1-([1,2,4] triazolo [3,4-b] [1, 3, 4] thiadiazol-6-ylamino)-2,2,2-trichloroethyl)carboxamides 6. Scheme 3 Fragmentation of N- (1-([1,2,4] triazolo [3,4-b] [1, 3, 4] thiadiazol-6-ylamino)-2,2,2-trichloroethyl)carboxamides 6.
Protonation was also characteristic for certain fragment ions. The decomposition of compounds 6 took place in two ways: in the first case, the elimination of N-(2,2,2-trichloroethylidene)carboxamide with the formation of the ion A (m/z = 142) was observed, and in the second case, the elimination of the carboxylic acid amide was observed, forming fragmental ion B (m/z = 270).
The spectral data confirmed the occurance of the dehydrosulfurization process followed by heterocyclization to the mercapto group and excluded any transformation involving the amide fragment, as in [38, 39] .
Conclusion
By a chain of simple transformations, we synthesized a number of new [1, 2, 4] 
As a result of the addition of 4-amino-4H-1,2,4triazole-3-thiol 3 to isothiocyanates 2, N-amidoalkylated thioureas 4 were synthesized. Dehydrosulfurization of the latter, under the influence of excess HgO, resulted in the formation of compounds 6. The cyclization products were obtained with acceptable yields and were isolated without special difficulty from the reaction mixture.
Experimental
Melting points were determined in open capillaries and are not corrected. IR spectra were recorded in KBr tablets using the device Spectrum BX II. The mass spectra of FAB were recorded on the device VG7070, desorption of ions from solution samples in meta-nitrobenzyl alcohol were conducted by beam of argon atoms with 8 keV energy. 1 H NMR and 13 C spectra were measured on spectrometer Varian VXR-400 (standard TMS). Chemical shifts (δ) are given in ppm downfield. The constants value of the spin-spin interaction (J) is given in Hz. Elemental analysis was performed on a LECO CHNS-900 instrument. The monitoring of the reaction progress and identity of the compounds obtained has been performed by TLC (Silufol UV-254, eluent -chloroform: acetone -3:1).
The starting N-(2,2,2-trichloro-1-hydroxyethyl)carboxamides 1a-f were obtained according to the procedure described in [34] . The spectral characteristics for compounds 1a-e are described in [34] , and for compound 1f, they are listed below and are described for the first time.
N-(2,2,2-trichloro-1-hydroxyethyl)furan-2-carboxamide (1f) [40]
Cream colored crystals; yield 84%; m.p. 153-155 °C; R f = 0.36. 1 
General procedure for the synthesis of isothiocyanates (2a-e)
12 mmol (0.9 mL) of thionyl chloride was added to the suspension of 10 mmol N-(2,2,2-trichloro-1-hydroxyethyl)carboxamides (1) [34] in 30-35 mL of CCl 4 . The mixture was refluxed for 1-1.2 hours. After completion of the reaction, the still-warm solution was filtered, and the filtrate was evaporated on a rotary evaporator. The residue after evaporation was treated with hexane (2×10 mL), filtered and dissolved in 30-35 mL of anhydrous acetonitrile. 10 mmol (0.97 g) of carefully dried KSCN was added in portions to the resulting solution. The reaction mixture was stirred for 1.5-2 hours. The precipitated KCl was filtered off, the filtrate was evaporated on a rotary evaporator without raising the heating temperature above 55-60 °C. The residue after evaporation was treated with water (3×50 mL), filtered and dried at room temperature for 48 hours. The product was recrystallized from acetonitrile. The yields are given on a crystallized product. Compounds 2a, 2c and 2d were obtained previously. Compounds 2b, 2e and 2f were obtained for the first time. (2,2,2-Trichloro-1-isothiocyanatoethyl) N-(2,2,2-Trichloro-1-isothiocyanatoethyl) General procedure for the synthesis of thioureas (4a-f) 10 mmol (1.16 g) of 4-amino-4H-1,2,4-triazole-3-thiol 3 [35] dissolved in 15-18 mL of acetonitrile were added to 10 mmol of N-(2,2,2-trichloro-1-isothiocyanatoethyl)carboxamide 2 dissolved in 10-12 mL of acetonitrile. The mixture was refluxed for 5-7 minutes, filtered and left for 48 hours at room temperature. The precipitate formed was filtered and washed with acetonitrile 2×5 mL. The product was first dried at room temperature for 24 hours, and then, at 100-110 °C -for an additional 3 hours. The resulting crude product is suitable for use in further conversions without further purification. Analytical samples were purified by recrystallization from acetonitrile. The yields are given on a crystallized product. (2,2,2-Trichloro-1-(3-(3-mercapto-4H-1,2,4-triazol-4-yl N-(2,2,2-Trichloro-1-(3-(3-mercapto-4H-1,2,4-triazol-4-yl N-(2,2,2-Trichloro-1-isothiocyanatoethyl) 
N-

4-Methyl-N-(2,2,2-trichloro-1-isothiocyanatoethyl) benzamide (2d) [42]
Light yellow solid; yield 80% (3.03 g); m.p. 119-121 °C; R f = 0.89. Anal. Calcd (%) for C 11 N-(2,2,2-trichloro-1-isothiocyanatoethyl) N-(2,2,2-Trichloro-1-(3-(3-mercapto-4H-1,2,4-triazol-4-yl -N-(2,2,2-trichloro-1-(3-(3-mercapto-4H-1,2,4-triazol-4-yl) N-(2,2,2-trichloro-1-(3-(3-mercapto-4H-1,2,4-triazol-4-yl 
2,4-Dichloro
General procedure for the synthesis of [1,2,4] triazolo[3,4-b][1,3,4]thiadiazol-6-amine derivatives (6a-f)
A mixture of 10 mmol of thiourea 4, 12 mmol (2.60 g) of HgO (yellow) and 10-12 mL of glacial acetic acid was boiled under reflux for 1-1.5 hours. The reaction mixture was cooled to room temperature and filtered twice from the resulting HgS. 15-18 mL of H 2 O was added to the filtrate. The precipitate formed was filtered and treated with a 10% Na 2 CO 3 solution of 2×15 mL, and then washed with 15-20 mL of water. The resulting product was dried at room temperature for 48 hours and then purified by recrystallization from ethanol. The yields are given on a crystallized product. (1-([1,2,4]Triazolo[3,4-b][1,3,4]thiadiazol-6-ylamino) 
N-
